To validate the correlation between ANXA3 expression and prognosis in breast cancer, a retrospective study encompassing 309 breast cancer patients was performed. The expression of ANXA3 was determined by the immunohistochemical examination of tissue sections by the Max Vision6 method. The ANXA3 levels in the patient samples were validated for the prognosis based on age, menopause status, tumor size, tumor node, metastasis stage, the number of lymphatic metastases, oncology grade, and molecular subtyping. An elevated expression of ANXA3 was detected in breast cancer samples, compared to adjacent tissue samples, and significant correlation depending on the number of lymphatic metastases ( = 0.001) and histological grade ( = 0.004) was observed. The number of lymphatic metastases and ANXA3 expression were identified as independent risk factors affecting the disease-free survival and overall survival. Significantly ( < 0.002) higher level of ANXA3 was detected in triple-negative breast cancer compared to other subtypes. There was no significant ( > 0.05) change in the expression of ANXA3 with respect to age, menopausal status, tumor size, and clinical stage. The findings implicate the expression of ANXA3 with the natural progression of breast cancer and associate it with increased lymphatic metastasis. The study validates the use of ANXA3 as a potential prognosis biomarker for breast cancer.
Introduction
Annexin is highly conserved and ubiquitously distributed in various body cell types and accounts for about 0.5-2% of the total cell protein [1, 2] . It is involved in membrane transport and a series of calmodulin-dependent activities on the surface of the cell membrane, including vesicular transport, membrane fusion in exocytosis, signal transduction, and formation of calcium channels, and also regulates inflammatory response, cell differentiation, and interaction between cytoskeletal proteins [3, 4] . Dysregulation of annexin is associated with the development and progression of different types of cancer [5, 6] .
The human genome encodes for 12 different annexins varying in expression and distribution within the tissues. Some of these are ubiquitously expressed (A1, A2, A5, A6, and A7), while some are selective (A3, A8, A9, A10, and A13). The differential expression of annexin A3 (ANXA3) plays a major role in tumorigenesis, drug resistance, and metastasis [7] . The ANXA3 gene is located on human chromosome 4q13-q22 and encodes a protein of 323 amino acid residues [7] . Levels of ANXA3 expression have shown significant differences in colorectal cancer [8, 9] , pancreatic cancer [9] [10] [11] , lung cancer [12] , and hepatocellular carcinoma [13] . Breast cancer is the second most commonly diagnosed malignancy and a leading cause of cancer-related death in women worldwide [14] . Novel candidates as prognostic biomarkers need evaluation for efficacy through multiple studies before their routine use in diagnostic and treatment procedures for breast cancer. Therefore, in this study, immunohistochemical investigation for differential expression of ANXA3 in breast cancer tissue of different subtypes was determined to validate its correlation with the clinicopathological features and prognosis of breast cancer. 
Immunohistochemistry.
Immunohistochemistry was performed using the Max Vision method. The primary antibodies for ER (SP1) and PR (SP2) were purchased from the Fuzhou Maixin Biotech. Co., Ltd. (Fuzhou, China). The primary antibodies for HER-2 (4B5) and Ki-67 (30-9) were procured from Roche Pharmaceuticals Ltd. (Shanghai, China). Annexin A3 primary antibodies (ab127924) were obtained from Abcam. PBS was used as the negative control in place of the primary antibody. The positive control was performed following the manufacturer's guidelines. The specimens were paraffin-embedded and sliced into sections (4 M), washed thrice (2 min) with distilled water, and treated with 3% hydrogen peroxide (10 min) to block the endogenous peroxidase. After incubation, the sections were washed thrice (2 min) with distilled water and placed in a pressure cooker for heat-induced epitope retrieval. After the heat treatment, the sections were washed thrice (5 min) with phosphatebuffered saline (PBS, pH 7.4) and incubated with 4% goat serum at room temperature for 30 min to reduce nonspecific staining. Subsequently, specimens were incubated with the primary antibody for 1 h, washed thrice (5 min) with PBS, incubated with Max Vision HPR antibody for 15 min, washed thrice (5 min) with PBS, and developed with freshly prepared DAB. The stained sections were observed under a microscope; the positive signal was clay bank or brown.
As a routine procedure, the cells were developed for about 5 min before the reaction was terminated and were fully washed using running water, counterstained with hematoxylin, differentiated using 0.1% hydrochloric-alcohol solution, and washed using running water, followed by dehydration with gradient ethanol, vitrification with dimethylbenzene, and mounting with neutral balsam, and the images were recorded.
Pathological Evaluation.
Two experienced chief physicians reviewed the results of pathological examinations. [16, 17] . In accordance with the immunohistochemistry results described earlier, cases with clay bank cancer nuclei accounting for <10% and ≥10% of all the nuclei were defined as negative and positive ER/PR expressions, respectively.
Criteria for Determining ER/PR
Criteria for Determining ANXA3-Positive Expression. ANXA3 is dominated by cytoplasmic staining. Immunohistochemistry results were evaluated based on the percentage of positively stained cells and the staining intensity [18] : (1) number of positive cells: 5 high-power fields were randomly selected from each section for counting the number of positively stained cells, where 1-24%, 25-49%, 50-74%, and >75% were referred to as 1, 2, 3, and 4 points, respectively; (2) staining intensity: 0 referred to the absence of stained cells, 1 referred to faint yellow granules that were significantly higher than the background, 2 referred to light brownish yellow granules, and 3 referred to a large number of dark brownish yellow granules. Summation of staining intensity score and percentage of positive cells score < 2 was referred to as negative (−), while a summation > 2 was positive, of which 2-3, 4-5, and 6-7 points referred to weakly positive (+), moderately positive (++), and strongly positive (+++), respectively. Representative immunohistochemical staining image is provided in Figures 1 and 2 .
Criteria for Determining HER-2 [19] . The criteria included the following: (1) the percentage of cancer cells with fully stained membranes as well as the staining intensity must be focused on, (2) cells with stained cytoplasm were excluded, (3) only infiltrating carcinoma results were evaluated, while those of intraductal carcinomas were excluded, (4) normal mammary gland epithelial cells should not be stained. The HercepTest6 criteria recommended by US FDA were adopted [20] [21] [22] no expression, those with (+) were considered to have low expression, and those with (+++) were considered to have high expression, while cases with (++) were selected to undergo a FISH test with kit (CPD0009) purchased from Beijing GP Medical Technologies, Ltd. (Beijing, China). A ratio of the total number of red signals over the total number of green signals ≥ 2 referred to HER-2 gene amplification; otherwise it was considered as absence of amplification. Cases with HER-2 amplification were considered to have high expression, while those lacking HER-2 amplification were considered to have low expression.
Criteria for Determining Ki-67 [23] . Cells with brown stained nuclei were found to be positive. The results were assessed by calculating the percentages of positive cells in 5 high-power fields, where <10% was denoted as (−), 10-20% was denoted as (+), and >20% was denoted as (++).
Prognosis.
From the day of pathological diagnosis with breast cancer and the start date of formal treatment, patients were followed up every 6 months until June 2015. Patients were considered to have local recurrence if the cancer cells were pathologically confirmed in topical or regional lymph nodes. Moreover, the patients were deemed to have distant metastasis if radiology or pathology confirmed the metastasis in lung, liver, or bone, as well as contralateral breast, axillary or supraclavicular lymph nodes, and other sites. Disease-free survival (DFS) referred to the first day of treatment to local recurrence or distant metastasis. The overall survival (OS) implied the period from the first day of therapy to breast cancer-induced death or last follow-up. The patient data was retrospectively examined for age, menopause status, tumor size, TNM (tumor node and metastasis) stage, the number of lymphatic metastases, oncology grade, and molecular subtyping.
Statistical Analysis.
The statistical analysis was performed using the SPSS 13.0 (IBM, USA) software. Comparisons between the groups were conducted using 2 test. DFS and OS were calculated using Kaplan-Meier method, while comparisons of curves between the two groups were performed using the log-rank test. The level of significance was determined as < 0.05.
Results

Patient Characteristics
. The 309 patients with primary breast cancer enrolled for the study were of the age range of 22-76 years with a median age of 47 years. Based on the TNM (tumor node and metastasis) staging described in the 6th edition of the AJCC Cancer Staging Manual (2003) [15], there were 58 stage I, 219 stage II, and 32 stage III cases of breast cancer. In terms of the pathological type, there were 202 infiltrating ductal carcinomas, 35 infiltrating lobular carcinomas, 29 medullary carcinomas, and 43 other types of carcinomas (13 mucinous adenocarcinoma, 10 poorly differentiated adenocarcinomas, 7 lipid-rich carcinomas, 5 squamous carcinomas, 5 canalicular adenomas, and 3 adenoacanthoma-cell carcinoma cases). The cohort of 309 breast cancer patients consisted of 72 cases with axillary lymphatic metastasis > 3 pieces, accounting for 22%. Based on the immunohistochemistry data, ER+ or PR+ was detected in 234 cases, accounting for 75.73%.
Correlation between ANXA3 Protein Expression and Clinicopathological Indexes.
Among the 309 patients, 193 (62.4%) were positive for the expression of ANXA3. With the increase in the histological grade, there was significant ( 2 = 16.686; < 0.001) increase in the cases positive for the expression of ANXA3. In 72 patients with positive axillary nodes > 3, the expression of ANXA3 (73.6%) was significantly ( 2 = 11.123; = 0.004) higher as compared to patients with negative axillary nodes (51.94%). Further subgroup analyses revealed that the positive expression rate of ANXA3 in patients with triple-negative breast cancer (TNBC) (79.66%) was significantly higher than that in patients with other types of breast cancer ( 2 = 9.226; = 0.026). However, the differences in the expression of ANXA3 between other subgroups were not statistically significant ( 2 = 0.022; = 0.989). In the present study, age, menopausal status, tumor size, and clinical stage did not show significant differences between the two groups ( 2 = 0.365 and = 0.546; 2 = 1.560 and = 0.240; 2 =
1.532 and = 0.465; 2 = 0.607 and = 0.738) ( Table 1) .
Follow-Up.
Postoperative patients were followed up for 66-78 months, with a median of 71 months. In 96 patients, local recurrence or distant metastasis was observed, and their 71-month DFS was 68.93% (213/309), with a significant was performed with the variables including tumor size, TNM stage, the number of lymphatic metastases, oncology grade, molecular subtyping, ANXA3 expression, and other indexes (all with values < 0.10 in univariate analyses). The multivariate Cox analysis correlated the levels of ANXA3 expression to retrospectively examined DFS ( Figure 3 ) and OS ( Figure 4 ). The analysis revealed that the tumor size, TNM stage, oncology grade, and molecular subtyping were not significantly ( > 0.05) correlated with DFS and OS. However, the number of lymphatic metastases and ANXA3 expression were identified as the independent risk factors affecting DFS and OS of patients with breast cancer, respectively. The relative risks of lymphatic metastasis and ANXA3 expression to DFS prognosis were 2.181 and 1.569, respectively, while those relative to OS prognosis were 2.052 and 1.698, respectively (Table 2 ).
Multivariate Cox Analysis for Factors Affecting DFS and OS of Patients with Breast Cancer. Multivariate Cox analysis
Discussion
The present study evaluated the potential of ANXA3 as a biomarker for breast cancer. The findings positively correlated the expression of ANXA3 to lymphatic metastasis and histological grade independent of patient age, menopause status, tumor size, and clinical stage. Thereby, further studies on the prognostic value of ANXA3 in breast cancer are needed. The major challenge in the therapies for cancer is the recognition of a stable biomarker with enhanced diagnostic efficacies. Identification of novel biomarkers will assist in developing efficient diagnostic procedures, thereby aiding prognosis and development of new molecules for targeted therapy. ANXA3 plays a significant role in tumorigenesis, resistance to chemotherapeutics, and subsequent metastasis [3] . An upregulation of ANXA3 by 63% was reported in patients with colorectal cancer [8] and a significant upregulation of ANXA3 was detected in the blood of colorectal cancer patients [9] . In patients with pancreatic cancer, the expression level of ANXA3 was 1.71 times higher than that in healthy individuals [10] . However, ANXA3 expression in prostate cancer tissue was significantly lower than that in benign prostate cancer tissue and high-grade prostatic intraepithelial neoplasia; an incomplete expression of ANXA3 protein was found in about 27.2% of patients, indicating that downregulated ANXA3 could promote occurrence and development of prostate cancer [11] . ANXA3 expression in lung cancer tissue with lymphatic metastasis was detected to be significantly higher in comparison to lung cancer tissue with the absence of lymphatic metastasis [12] . Also, ANXA3 expression was upregulated by 2.3 times in hepatocarcinoma cell lines Hca-F with high metastatic potential as compared to hepatocarcinoma cell lines Hca-P with low metastatic potential, indicating its involvement in hepatocarcinoma metastasis [13] .
In the current study, differential expression of ANXA3 in different subtypes of breast cancer was detected by immunohistochemistry. The ANXA3 expression rate in breast cancer tissues was 64.25%. The highest expression of ANXA3 was detected in triple-negative breast cancer with poor prognosis as confirmed by the subsequent follow-up studies. Similar upregulation of the expression of ANXA3 is reported in prostate, ovarian, liver, rectal, and gastric cancers [10, 12, [24] [25] [26] [27] . A positive correlation between the expression of annexin and breast cancer was established. Also, the clinicopathological analysis confirmed that the elevated levels of ANXA3 were significantly ( > 0.05) not associated with age, menopausal status, tumor size, and clinical stage; instead there was a significant ( < 0.05) correlation with lymphatic metastasis and histological grade. The data indicate a potential role of ANXA3 in promoting metastasis in breast cancer. Differential expression of ANXA3 can either promote or suppress the process of tumorigenesis depending on the cell type and the tissue involved [7] . These findings corroborate with earlier reports wherein a positive correlation of ANXA3 with axillary lymphatic metastasis was observed [28] [29] [30] and with Zeidan et al. who demonstrated that ANXA3 was a potential therapeutic target for breast cancer [31] .
In the present study, we showed that the expression of ANXA3 was not correlated with the expressions of ER, PR, HER-2, and Ki-67. However, analysis of ANXA3 expression in breast cancers of different molecular subtypes revealed significantly ( = 0.026) higher levels of ANXA3 in triplenegative breast cancer compared to those in the three other groups (Luminal A, Luminal B, and HER-2 positive types). Triple-negative breast cancer has a poor prognosis compared to other major subtypes of breast cancer [32] [33] [34] . Also, poorer prognosis for the triple-negative breast cancer was observed in the follow-up procedures. Therefore, the findings are supportive for the correlation of ANXA3 expression with prognosis in breast cancer. Also, during the follow-up, it was observed that patients with a low level of ANXA3 expression exhibited superior DFS and OS compared to patients with a high level of ANXA3 expression. These observations indicate that ANXA3 may participate in occurrence, development, and metastasis of breast cancer.
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The expression of ANXA3 is reported as an independent factor in the prognosis of prostate cancer and other cancers [11] . Hence, combined with our observation, ANXA3 can be viewed as a potential biomarker for the determination of infiltration, metastasis, and prognosis of breast cancer. However, the underlying mechanisms of ANXA3 in promoting proliferation and metastasis of tumor cells at the molecular level need further evaluation.
4.1.
Limitations. Nevertheless, this study encounters limitations, especially with the difficulties involved in the followup. The follow-up duration was short, and patients of both the ANAXA3-positive and ANAXA3-negative groups were not followed up to a median survival time. In addition, due to limitations in the sample size, the pathological data can only be qualitatively classified into positive and negative results rather than being quantified. However, with recent developments in the diagnostic kits, ELISA can now be employed to determine the serum ANXA3 levels. Therefore, analysis of serum samples from the patients may further assist in verifying the findings of this report.
Conclusion
Increased expression of ANXA3 is associated with prognosis of breast cancer. The expression profile varies with the subtype of breast cancer; the highest expression levels were detected in patients with triple-negative breast cancer. The study, therefore, associates ANXA3 with prognosis and indicates its possible role in the occurrence, development, and metastasis of breast cancer.
